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Table 1 summarizes the analysis results for the 1.5T vs. the 1.5T 
FLASH technique in the first three rows and the analysis between 
the 1.5T and the 3T sets in the last three rows. This table reports 
the average tibia plate cartilage volume, thickness and bone car- 
tilage interface area (BCI) of the reference pulse sequence. Fur- 
thermore, the standard deviation (Std), the difference between 
the sequences (Bias), the P value, the 95% limits of agreement 
(95% LA), the correlation are reported in the same table. 
Table 1: Summary results 
Mean Std Bias P value 95% LA Correlation 
Volume 1.5T 1967 394 29 0.02 -158 to 216 0.97 
BCI 1.5T 922 105 5 0.19 -58 to 69 0.95 
Thickness 1.5T 2.10 0.35 0.00 0.99 -0.15 to 0.15 0.98 
Volume 3T 1938 369 97 0.00 -135 to 330 0.96 
BCI 3T 917 104 3 0.51 -88 to 95 0.93 
Thickness 3T 2.10 0.33 0.07 0.00 -0.11 to 0.26 0.97 
This work demonstrates that cartilage quantifications using fused 
SPGR-GRE T2* MRI sequences on 1.5T and 3T magnets are 
equivalent o the 1.5T FLASH quantification. The small bias ob- 
served in the 1.5T cartilage volume (1.5%) is not a concern in 
clinical research. The difference between the 1.5T and the 3T 
measurements has no significant consequences to clinical re- 
search. The fused data set offers higher contrast between car- 
tilage and soft tissues (meniscus and fluid) which opens the op- 
portunity for a more accurate assessment of the OA stage. 
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Purpose: To explore the prevalence of bone marrow edema 
(BME) by magnetic resonance imaging (MRI) in the knee of pa- 
tients with familial osteoarthritis (OA) and its association with 
pain. 
Materials and Methods: MR images of the knee were obtained 
from 98 sibling pairs (196 patients) from the GARP study (1) who 
had been diagnosed with symptomatic OA at multiple joint sites. 
MR images were analyzed for the presence of BME by Virtu- 
alScopics LLC using a computerized system. Nine compartments 
were analyzed including the medial and lateral tibial plateaux, 
the medial and lateral femoral condyles, the medial and lateral 
femoral trochlea, the patella crista and the medial and lateral 
facets of the patella. All patients were interviewed with regard to 
the presence of pain in the imaged knee. 
Results: Thirty nine percent of subjects had definite radiographic 
signs of OA (KL _> 2), 30% had doubtful osteophytes (KL =1), 
and 32% had no signs of radiographic OA (KL = 0) in their im- 
aged knee. Sixty percent of the subjects had pain in their im- 
aged knee. Most subjects (68%) showed bone marrow edema 
in at least one compartment of the knee (e.g., 8.4% in the lat- 
eral tibia plateau versus 27.1% in the lateral facet of the patella). 
The number of compartments with BME ranged from 1 (25%) to 
5(2%). The largest mean BME volumes were observed in the lat- 
eral femoral condyle and lateral tibial plateau. When analyzed by 
compartment, subjects with BME in the medial femoral condyle 
showed an increased likelihood of knee pain (O.R. = 2.55, P = 
0.03). Overall, however, no correlation was observed between the 
prevalence of BME and knee pain in this study. 
Conclusion: This cross sectional study demonstrates a large 
prevalence of BME in knees with and without OA in subjects with 
familial generalized OA. Only one compartment showed an asso- 
ciation between symptoms and BME in the knee of patients with 
generalized OA. 
Reference 
[1] Riyazi N. et al. Ann Rheum Dis. 2005; 64(3): 438-43. 
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Aim: Description and validation of a novel semi automated soft- 
ware tool to segment articular cartilage on MRI knee scans. 
Methods: High-field MRI scanners and specialized pulse se- 
quences can provide high resolution and contrast images. Such 
images are ideal for the application of image processing software 
to segment the cartilage on MRI slices for the objective assess- 
ment of OA progression. 
Current reported software methods include those that require 
manual delineation by the reader, as well attempts to provide fully 
automated cartilage segmentation with no reader interaction. Our 
method is a hybrid between the two approaches. The software 
requires an operator to guide the segmentation, but several auto- 
mated tools are provided to significantly improve the speed. 
Our software consists of a graphical user interface that controls a 
set of core image processing algorithms. The reader first views a 
central slice then uses seed points and automated edge tracking 
to delineate the cartilage. Consecutive slices are segmented au- 
tomatically using the adjacent slice as a guide. The reader makes 
corrections where necessary until the entire volume has been de- 
lineated. The results can be exported to commercial software for 
3D rendering. 
The software was tested on a set of 10 OA and 9 normal subjects; 
these data were provided by the Osteoarthritis Initiative. Acqui- 
sitions were performed using a Siemens Trio 3T scanner using 
3D DESS with water excitation. The sagittal slice thickness was 
0.7mm (160 slices per knee) and the in-plane isotropic pixel size 
was 0.37mm. The subjects were scanned twice to permit calcula- 
tion of the resegementation reproducibility, and the readers were 
blinded. The software tool was tested by segmenting the entire 
femoral condyle cartilage. We examined the reproducibility (RMS 
CV) of the total volume, cartilage surface area, bone surface area, 
and mean cartilage thickness. 
Results: The results are presented in the table below. The aver- 
age time to segment a total femur was under 25 minutes. 
Reproducibility (RMS CV) of the femoral cartilage segmentation 
Cartilage Cartilage Bone Mean cartilage 
volume surface area surface area thickness 
Total (N = 19) 2.94% 2.39% 2.38% 2.04% 
Normal (N = 9) 1.69% 1.05% 1.32% 1.93% 
OA (N = 10) 3.73% 3.14% 3.04% 2.13% 
Conclusions: Our software tool demonstrated excellent repro- 
ducibility that is comparable with other published results. In ad- 
dition we quote an average reader time, which establishes a 
throughput of over two cases per hour for the femoral cartilage. 
We believe that employing a compromise between manual and 
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fully automated segmentation has the potential for widespread 
use since it offers a high throughput and is available for use now. 
We anticipate further development o include more automated 
features, which will additionally reduce the reader time. 
Acknowledgements: NIAMS funded this work in part (contracts 
N01-AR-2-2261, N01-AR-2-2262 and N01-AR-2-2258). 
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Introduction: As osteoarthritis (OA) progresses, changes occur 
in the shape of the femoral head, it becomes flattened and de- 
formed. This study used the active shape modelling (ASM) tech- 
nique to model and quantify these changes over a six-year period 
and between OA and control subjects. We found that the ASM 
was not only able to model and quantify the changes occurring 
over the course of OA, but also found significant differences in 
the same variables between individuals who did and did not re- 
quire surgical intervention over the study, indicating a marker for 
a poor prognosis. 
Methods: 110 age and sex matched subjects were selected from 
the Rotterdam study. Standard pelvic radiographs were taken at 
baseline and 6 years later. Each radiograph was assessed by 2 
trained rheumatologists using the Kellgren-Lawrence (KL) scale. 
The control group comprised 55 subjects who had a KL score 
of 0 for both hips at both baseline and follow-up. The OA group 
included 55 subjects whose KL score was 0 or 1 at baseline ex- 
amination and increased by at least 3 points by follow-up. Total 
hip replacements were performed between baseline and follow- 
up in 12 of the OA subjects, making it impossible to measure 
the shape of the operated proximal femur at follow-up. This split 
the OA group into 2 subgroups, the THR group and the No-THR 
group. 
An ASM measures variation within a set of shape by statistical 
modelling of the position of a set of points that describe the out- 
line of a shape. A 16-point ASM was used in this study, outlining 
the femoral head and the upper femoral neck. The shape was de- 
scribed by a series of independent 'modes of variation', each of 
which is expressed as a score representing how many standard 
deviations it lies from the mean value of that mode. 
Results: The ASM identified significant shape changes in the 
femoral head of the OA group. Mode 1 modelled the flattening 
and deformation of the femoral head as OA progresses and this 
score changed significantly during the study in the OA group (P 
< 0.0001). The mode 6 score also changed significantly in this 
group (P = 0.002). Correspondingly, a significant difference was 
found in mode 6 between the OA and control groups at follow- 
up (P = 0.021). Of particular note, mode 6 was also significantly 
lower in the OA than the control group at baseline, before OA was 
detected using the KL score (P = 0.03). The same mode also ap- 
peared to be related to the severity of OA, with the THR group 
having a lower score at baseline than the No-THR group (P = 
0.018). 
Conclusions: This pilot study has shown that active shape mod- 
elling can quantify the changes that occur in the femoral head 
during the course of OA. This was identified in the mode 1 and 
mode 6 scores. In addition to this, the mode 6 score not only 
appears to identify OA patients before standard clinical assess- 
ment, but also may be an indicator which subjects have rapid pro- 
gression and require surgical intervention. Lower mode 6 scores 
appear to be associated with more severe OA and a poorer prog- 
nosis. 
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Aim: Detailed mapping and characterization of macroscopical 
and histological OA lesions after complete medial meniscectomy 
using the International Cartilage Repair Society (ICRS) scheme 
Methods: 2 groups of NZW rabbits were studied: complete open 
medial meniscectomy (32) and unoperated controls (40). The 
complete medial meniscectomy was always only performed on 
the right knee. Thus, a third intraindividual control was available 
for each animal. At 2, 4, 8 and 12 weeks after surgery, 8 rabbits 
each were sacrificed. The same number of unoperated control 
animals was employed at the respective timepoints and 8 rabbits 
were used as untreated baseline control. Use of all animals had 
been permitted by the government (RegierungsprAsident). 
The macroscopic grading was performed on all the right and left 
knee joints using the scheme of the ICRS which evaluates 9 ar- 
eas per each medial/lateral tibia/femur and patella. Specific ar- 
eas and area sums of all joint sites were statistically analysed 
(Wilcoxon and Mann-Whitney-U test). In addition, the location of 
(chondro-) osteophytes was recorded. The synovia was graded 
using the following degrees: Normal, slightly bloody appearance, 
bloody apperance, yellowish apperance. 
For microscopic evaluation, 4 mm sections of the central tibial 
plateaus were stained with H&E and Safranin O. A histologic 
grading was performed with a dedicated grading system. 
Results: All animals (n = 72) were free of signs of infection and 
had a "normal" postoperative course. Lesions were almost solely 
detected on the medial joint site after medial meniscectomy. At 
2, 4, 8, and 12 weeks after medial meniscectomy, the overall 
scores were clearly elevated at the operated right side compared 
to the unoperated contralateral side (p < 0.01). At 2, 4, and 12 
weeks, the tibial scores were higher than the femoral scores. Nev- 
ertheless, a high overall - correlation was found for the tibial and 
femoral site (p< 0.01). The detailed mapping of the ICRS scheme 
allows for visualising the lesion locations graphically and system- 
atically. It also allows for following the timecourse of pathology. 
No time-related ifferences were observed in unoperated rabbits. 
(Chondro-) osteophytes were highly correlated with the disease 
state of the tibial articular cartilage. The used macroscopic syn- 
ovial grading did not demonstrate any influence on the hyaline 
cartilage OA status. Histologic scores showed early OA after 
complete medial meniscectomy, when compared with the unop- 
erated contralateral side and compared with unoperated rabbit 
knee joints. 
Conclusions: The involvement of specific areas of the knee joint 
cartilage can be well demonstrated using the mapping as pro- 
posed by the ICRS. Based on this system, a comparison between 
studies of different investigators and different strains should be 
possible. This has not been presented in the literature to date. It 
also allows following the time course. The ICRS system is there- 
fore suggested for the use in animal studies. 
